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Introduction
Adolescent idiopathic scoliosis (AIS), accounting for 90% of all idiopathic scoliosis (IS) cases, affects more than 2% of the pediatric population and results in more than 600,000 physician visits annually [1] . Approximately, 1.5% patients ultimately need surgical correction for their curvature [2] . However, the causes involved in AIS remain obscure.
Genetic twin studies and observation of familial aggregation have revealed significant genetic contribution to IS [3, 4] . A genetic survey study reported that an overall risk of IS in first-degree relatives was up to 11%, as compared to 2.4 and 1.4% in second-and third-degree relatives, respectively. These studies indicate that IS is an inheritable complex disease. Molecular studies found that some critical regions on chromosomes were potentially important for the occurrence of scoliosis [5, 6] . Genome-wide association studies of AIS in case-control cohorts also located candidate susceptibility genes, and these findings indicate that single nucleotide polymorphisms are valuable for the AIS prognosis [7] . However, inconsistent outcomes were observed among studies concerning the candidate genes in AIS [8] [9] [10] [11] . Totally, the inheritance mode and pathogenic gene of AIS is uncertain until today.
Recent technological advances reveal that a major portion of the genome is being transcribed and that protein-coding sequences only account for a minority of cellular transcriptional output. MicroRNAs are endogenously expressed noncoding transcripts, shorter than 20 nucleotides. MicroRNA silences gene expression by targeting specific mRNAs on the basis of sequence recognition [12] . Long noncoding RNAs (lncRNAs) are transcripts longer than 100 nucleotides. lncRNAs in most cases mirror the features of protein-coding 2 BioMed Research International [13] and altered lncRNA levels can result in aberrant expression of gene products that may contribute to many biological processes and human diseases [14] [15] [16] . Circulating levels of lncRNAs were reported to reflect local pathophysiological conditions [17, 18] . Expression level of RNA in peripheral blood has been used to evaluate local circumstance of spine [19, 20] . However, the expression of lncRNAs and their functions in AIS are still unknown.
In the present study, we measured lncRNAs expression in AIS patients using microarray and quantitative PCR (qPCR) analysis. Our results disclosed lncRNAs expression profiles and provide new information for further exploration of pathogenesis and prognosis of AIS.
Materials and Methods

Patients.
Written informed consent was obtained from all participants. The study was approved by the Institutional Review Board of Chinese Academy of Medical Sciences and Peking Union Medical College Hospital. One hundred and twenty AIS patients (AIS) and twenty normal children (NC) were included in the study. Of these participants, four AIS patients and four children were used for microarray analysis. No significant difference was found between two groups in age, menarche, and Risser sign. Detailed information of the four pairs of participants is summarized in Table 1 . The diagnosis of AIS was made only when other causes of scoliosis, including vertebral malformation, neuromuscular disorder, and syndromic disorders, were ruled out. Participants were screened with Adams' forward bend test. Cobb angle measured with a scoliometer was at least 10 ∘ [21] . Peripheral blood from each subject was added 3 times volume of Trizol LS reagent (Amboin) and immediately stored at −80 ∘ C until use.
RNA Extraction.
Total RNA was extracted using Trizol LS reagent according to the instructions recommended by the manufacturer. The RNA purity and concentration were evaluated with NanoDrop ND-1000 spectrophotometer. RNA integrity was determined with 1% formaldehyde denaturing gel electrophoresis, which revealed a good quality (data not shown). 2.6. qPCR. qPCR was performed using SYBR Premix Ex Taq on Thermal Cycler Dice TP800 instrument. Four lncRNAs (ENST00000440778.1, ENST00000602322.1, ENST000004-14894.1, and TCONS 00028768), which revealed differentially expression, were evaluated in all participants. Total RNA (2 g) was reversely transcribed into cDNA using a PrimeScript RT reagent kit containing a gDNA Eraser (TaKaRa) according to the manufacturer's instructions. PCR
Figure 1: Heat maps of expression ratios (log2 scale) of lncRNAs (a) and mRNAs (b) between AIS patients and normal control. "Red" denotes high relative expression and "blue" denotes low relative expression. was performed in 20 L of reaction system, including 10 L SYBR Premix Ex Taq (2x), 0.4 L of PCR forward primer (10 M), 0.4 L of PCR reverse primer (10 M), 1 L of cDNA, and 8.2 L of double-distilled water. Primers for lncRNAs and mRNA are listed in Table 2 . All experiments were performed in triplicates. All samples were normalized to GAPDH. The median in each triplicate was used to calculate relative lncRNAs concentrations (ΔCt = Ct median lncRNAs-Ct median GAPDH). Folds change was calculated using 2 −ΔΔCt methods. The differences of lncRNAs expression between patients and control were analyzed using Student'stest within SPSS (version 16.0 SPSS Inc.). A value of < 0.05 was considered as statistically significant.
Results
LncRNAs Profiles.
Tens of thousands lncRNAs were examined in microarray. A total of 139 lncRNAs revealed significantly different expression in AIS group, compared to NC group (≥2-fold) (Table S1 , see Supplementary Material available online at http://dx.doi.org/10.1155/2015/276049). Compared to NC group, a total of 118 lncRNAs were consistently upregulated or downregulated in all tested AIS samples.
ENST00000440778.1 was the most significantly downregulated lncRNA (fold change = 9.780566), while NR 024075 (Log2 fold change = 3.8194413) was the most significantly upregulated one. The heat maps of the expression ratios of lncRNAs are shown in Figure 1 (a).
mRNAs Profiles.
The expression of coding transcripts (i.e., mRNAs) was examined with microarray containing 33,982 coding transcripts probes. Up to 546 mRNAs showed significant difference between AIS and NC groups (Table S2) . A total of 512 mRNAs were upregulated in AIS, while 34 mRNAs were downregulated. The heat map of the expression ratios of mRNAs is shown in Figure 1(b) . GO analysis showed that these mRNAs might be involved in bone mineralization, neuromuscular junction, skeletal system morphogenesis, and nucleotide and nucleic acid metabolism. Pathway analysis indicates that the dysregulated mRNAs are involved in cell adhesion molecules, Wnt signaling pathway, Toll-like receptor signaling pathway, MAPK signaling pathway, and so on. Coding RNAs related to major biological processes are listed in Table 3 . These results support the viewpoint that AIS may be a genetic disease involving musculoskeletal system. 
CNC Network.
In the CNC network, there were 76 lncRNAs and 370 mRNAs. A total of 446 network nodes were gained and this was associated with 1121 pairs of coexpression of lncRNAs and mRNAs. The CNC network indicates that one mRNA is correlated with one to tens of lncRNAs and vice versa. The whole CNC network might implicate an interregulation between lncRNAs and coding RNAs in AIS. In particular, lncRNA ENST00000602322.1 was correlated with lncRNA ENST00000422231.2 and nine coding RNAs (Figure 2 ).
More and more evidences indicate that lncRNAs play important roles in gene expression. Thus, we explored the correlation between lncRNAs and mRNA. More than 1000 pairs of lncRNAs and mRNAs reached an absolute correlation coefficient greater than 0.99 and a False Discovery Rate less than 0.01. Target prediction indicated that seven lncRNAs (uc002ddj.1, uc021tnw, uc021zdc.1, HIT000-067310, ENST00000577528.1, ENST00000602322.1, and TCONS 00001429) may influence the expression of related mRNAs. ENST00000602322.1 and HIT000067310 may regulate the mRNA expression of PCF11 and RCAN3, respectively. The two mRNAs are expressed in muscle system and encode proteins which regulate mRNA splicing and metabolism. These lncRNAs and mRNAs may play a role in the pathogenesis of AIS. Detailed information of lncRNAs and predicted mRNAs is listed in Table 4 .
LncRNA Classification and Subgroup Analysis.
Recently, some special classes or 14 clusters of lncRNAs have been identified with specific function in human cells. Numerous lncRNAs were found to be transcribed from the human homeobox transcription factors (HOX) clusters [22] . These lncRNAs are expressed in temporal and site-specific fashions and may be associated with distinct and diverse biological processes [23, 24] , such as cell proliferation, RNA binding complexes, and muscle development. In the present study, our microarray probes targeted 407 discrete transcribed regions of four human HOX loci. None of them was differentially expressed between AIS and NC. Harrow and his colleagues defined a set of lncRNAs with enhancer-like function in human cell lines [25] . Depletion of these lncRNAs led to decreased expression of their neighboring protein-coding genes. In the present study, 1896 lncRNAs with enhancer-like function were detected while 4 of them were differentially expressed in AIS. The differentially expressed enhancer-like lncRNAs and their nearby coding genes (distance, 300 kb) are shown in Table S3 .
qPCR Validation.
Data from microarray were validated by qPCR in twenty pairs of samples. qPCR results revealed that ENST00000602322.1, ENST00000414894.1, and TCONS 00028768 were upregulated and ENST000004407-78.1 was downregulated in AIS samples ( < 0.01), as compared to the control, which was consistent with those from microarray analysis (Figure 3 ).
Clinical Features of Validated lncRNAs.
The correlation of lncRNA expression with clinical features was further analyzed. All 120 AIS patients were grouped according to age, height, menarche, classification, severity of scoliosis (measured by Cobb angle), and Risser grade (Table 5) . No significant difference of lncRNAs expression was observed when patients were grouped according to menarche. The expression of ENST00000440778.1 and TCONS 00028768 was significantly different when grouped according to height ( < 0.05). The expression of ENST00000602322.1 was higher in younger patients ( < 0.01). Significant difference was also observed in ENST00000602322.1 expression between patients with single curve and double curves ( < 0.05). Lower expression of ENST00000414894.1 was observed in patients with Cobb angle greater than 40 ∘ ( < 0.05). The expression of ENST00000440778.1 was higher in patients with Risser grade ≤3 ( < 0.05). 
Discussion
Although many clinical, epidemiological, and basic science researches were performed, the etiopathogenesis of AIS is still unclear [26] . Over the past decades, significant achievements have been made in profiling the molecular signatures in diseases using gene expression microarray [27] . Microarray has been recognized as a feasible and useful approach to explore pathogenesis and genetics of diseases and seek specific biomarkers [28] . Recently, hundreds of lncRNAs have been discovered, and altered lncRNAs expression has been considered to be correlated with cancer pathogenesis and muscles differentiation [29, 30] . However, the potential role of lncRNA expression in etiology and pathogenesis of AIS has not been systematically investigated.
To uncover the expression pattern of lncRNAs in AIS, we investigated the lncRNA expression signatures using microarray and found hundreds of differentially expressed lncRNAs in AIS patients. These lncRNAs may be involved in the development and progression of AIS. Based on the previous work and computer analysis, four lncRNAs (ENST000-00440778.1, ENST00000602322.1, ENST00000414894.1, and TCONS 00028768) were selected to validate the consistency using qPCR. The expression of ENST00000440778.1 was downregulated in microarray and qPCR. But the expression gap between AIS and normal control was narrower in qPCR than in microarray. The difference may result from selection bias. Samples used in microarray analysis may lack representativeness, and ENST00000440778.1 expression in microarray analysis was not completely coincident between participants. Besides, it is necessary to investigate the specific lncRNAs in bigger size of samples. Relative lncRNAs levels were normalized to GAPDH (ΔCt = CtlncRNA − CtGAPDH). Results are presented as mean ± standard deviation. * < 0.05, * * < 0.01. a Curves were counted and classified into single, double, and triple curves according to the apex number. b Risser sign refers to the amount of calcification of the human pelvis as a measure of maturity. On a scale of 5, it gives a measurement of ossification progression; the grade of 5 means that skeletal maturity is reached.
In the present study, the differentially expressed mRNAs in AIS patients involve musculoskeletal development processes, including bone mineralization, neuromuscular junction, skeletal system morphogenesis, and nucleotide and nucleic acid metabolism. Pathway analysis indicates that the dysregulated mRNAs are related to cell adhesion molecules, Wnt signaling pathway, Toll-like receptor signaling pathway, MAPK signaling pathway, and so on. Precious studies have revealed the relationship between synapse formation, bone mineralization, and Wnt signaling pathway [31] [32] [33] . MAPK signaling pathway was also reported to be related to osteoblast differentiation and intervertebral disc cells degeneration [34, 35] . These biological processes and signaling pathway may play a significant role in the musculoskeletal system and pathogenesis of AIS.
More and more evidences reveal that lncRNAs act in both cis and trans [36, 37] . LncRNA ENST00000602322.1 locates on chromosome 11q and is adjacent to Pcf11 (Protein 1/Cleavage Factor 1). Pcf11 participates in transcription by coupling pre-mRNA [38] . Pcf11 is also found to play a role in transcription initiation, elongation, and mRNA export from nucleus to cytoplasm [39] [40] [41] . Given the key role of Pcf11 in transcription, it may not be surprising that ENST00000602322.1 may relate to the pathogenesis of AIS. The more detailed mechanisms of ENST00000602322.1 in transcription and translation need further investigation.
ENST00000440778.1 was upregulated 9.78-fold in AIS. Its expression was even higher in each AIS patient than that in healthy participants. Little is known about the function of ENST00000440778.1. However, its potential role in AIS pathogenesis was implied not only by its expression change but also by the clinical data from different height and Risser sign.
Our findings demonstrate differential lncRNA expression patterns in AIS when grouped according to different clinical features. This suggests potential significance in treatment and prognosis evaluation. Clinically, classification and curvature angle are important in evaluating surgical treatment and making operation plan in AIS [42, 43] . Onset time and Risser grade also play important roles in evaluating the progression of scoliosis [44] . It has been reported that lncRNAs are more specific than protein-coding mRNAs [45] and are easier to be detected in the blood samples of neoplastic and nonneoplastic patients using conventional PCR method [17, 18] . The differential expression of lncRNAs is potentially valuable in development of specific PCR markers and in providing more support on treatment and prognosis.
Several limitations exist in this study. First, although the different expression patterns of identified lncRNA genes suggest potential function in AIS pathogenesis, direct supporting evidence is lacking. Second, only four pairs of samples were used in microarray analysis. This may lose some important information and decrease the accuracy of biomarker selection. Third, RNA expression in peripheral blood was tested in our study. Regarding the idiopathic scoliosis being a musculoskeletal disease, tissue sample from musculoskeletal system may be more ideal targets. To accurately and comprehensively elucidate the role of lncRNAs in AIS, more comprehensive studies and laboratory and clinical researches are needed.
In summary, to the best of our knowledge, this is the first study that describes the expression profiles of human lncRNAs in AIS using microarray. Altered lncRNAs may play a potential role in the pathogenesis and/or development of this musculoskeletal disease. More work will be needed to confirm whether these lncRNAs play an essential role in the pathogenesis, treatment, and prognosis of AIS.
